Radiation induced reactive oxygen/nitrogen species (ROS/RNS) are reported to cause lung injuries such as pneumonitis and fibrosis which may be fatal at times. Current study is designed to analyse the radioprotective efficacy of P. hexandrum active principles (G-002M) on lungs of mice exposed to high dose of gamma irradiation (7 Gy). Cellular profiles and inflammatory cell infiltrates of irradiated bronchoalveolar lavage fluid (BALF) have shown correlations with lung pathology. Cell counts were determined in BALF of control, 7 Gy radiation exposed and radiation with G-002M pretreated mice. ROS/Nitric Oxide (NO) production was measured by 2,7 dichlorodihydrofluorescein diacetate (DCF-DA) and diaminofluorescein diacetate (DAF-2DA) through microscopy and flow cytometry respectively. Immunostaining of inducible nitric oxide synthase (iNOS) in BALF cells and lung sections was also observed microscopically. iNOS expression was observed in lungs by western blotting. BALF was also processed to estimate total protein, LDH, and phospholipids content. Catalase, reduced Glutathione (GSH), Glutathione reductase (GR) and lipid peroxidation were estimated in lung tissues. Pre-administration of G-002M significantly decreased radiation mediated neutrophils count in BALF of irradiated mice. ROS generation, iNOS expression, total protein, LDH and phospholipids were found less affected in G-002M pretreated group in comparison to radiation alone group. Radiation exposure to mice was found apparently leading to parenchymal fibrosis, an architectural distortion of the lung tissue with edema, infiltration of inflammatory blood cells with increased immunolabeling of iNOS. G-002M pretreatment significantly countered radiation mediated increased lipid peroxidation and decreased GR, catalase and GSH in mice. Current study demonstrates possible role of P. hexandrum (G-002M) in minimizing lung damage induced by radiation mediated ROS/RNS generation.
Introduction
Radiation inflicts various histopathological changes in the lung that can be diversed with overlapping features, characterized by varying degrees of inflammation and fibrosis [1, 2] . Architectural distortion of the lung tissue along with thickening of alveolar wall (edema), increased degree of vascular congestion, hyaline membrane formation in distal airway and inflammatory cell accumulation are found to be common in pulmonary disease cases. Under pathological conditions, including pulmonary fibrosis, the production of reactive oxygen species (ROS) is augmented by a variety of mechanisms, resulting into hydroxyl radicals and reactive nitrogen species (RNS) generation [3] . Lungs like other tissues have highly specialized and compartmentalized antioxidant defence mechanisms to protect against ROS and RNS. Several studies have demonstrated that nitric oxide (NO) is a significant mediator of radiation-induced acute lung injury [3] [4] [5] [6] . Inhibition in inducible nitric oxide synthase (iNOS) isoform expression, enhanced in the irradiated lungs, can decrease NO production mediated lung damage [7] . Production of NO, being a small and diffusible signalling molecule, is tightly regulated and is produced at the right time, in right amount and at right place [8] .
Thus, the localization of the ROS/RNS generation and the concentration of protective antioxidants play the lead role in expression of radiation inflicted lung injuries and mediating in pathologic response. Lung inflammation, as manifested by infiltration of large numbers of neutrophils, eosinophils, macrophages, and lymphocytes into the lung, can be monitored by examining presence of inflammatory cells in bronchoalveolar lavage fluid (BALF) and/or histologically prepared lung tissue sections. Measurement of inflammatory cell infiltrates of BALF has been shown to correlate with disease severity [9] [10] [11] [12] . Cellular differential profiles in BALF are used to determine the nature of the disease and their appearance in the interstitium of lungs may have diagnostic or therapeutic impact [13] [14] [15] [16] [17] . Several interstitial lung disorders can be characterized by evaluating the distribution of cell types and their subpopulations in BALF [10, 18, 19] . BALF study is well reported tool in the sampling of the lower respiratory tract both for clinical indications and for research related investigations [9] . Quantitation of the cell types recovered from BALF is also among vital parameters for evaluation of the biological effect of ionizing radiation in lungs.
Increased threat of nuclear or radiological exposures by the multifaceted use of radiation has expressed the need for development of safe and effective radioprotector. Undesired toxicity of synthetic radioprotectors and their analogues have precluded them from clinical use and necessitated the search for safe alternative agents. Among the high altitude plants screened for radioprotective efficacy, Podophyllum hexandrum (Division: Magnoliophyta; Family: Berberidaceae) has been found to be a potent scavenger of free radicals induced by ionizing radiation [20] [21] [22] [23] [24] . The present study has focused on the radioprotective potential of G-002M (formulation prepared by combination of three active compounds isolated from P. hexandrum) on ROS/RNS mediated lung tissue damages.
The current study has been specifically designed to evaluate the modulatory effect of formulation of P. hexandrum (G-002M) on 1) cellularity and differential cell counts in BALF; 2) ROS/NO production; 3) expression of iNOS and 4) alterations in antioxidant enzymes(GSH, GR catalase) and lipid peroxidation following radiation inflicted lung injury.
Materials & Methods

Reagents and Antibodies
Goat anti-rabbit HRP (Cat No. Sc-2030) was procured from Santa Cruz (CA). Polyclonal antibodies to iNOS (Cat No.-N7782), Goat anti rabbit FITC 488 (Cat No. F4018), 2,7 dichlorodihydrofluorescein diacetate (DCF-DA), diaminofluorescein diacetate (DAF-2DA) and all other required chemicals were obtained from Sigma Aldrich Co. (St Louis, MO).
Preparation of G-002M
The drug (G-002M) was prepared by combining three compounds isolated from dried rhizomes of P. hexandrum plant, collected from high altitude region of Leh and Ladakh, India. The dried rhizomes were crushed to get fine powder which was processed further using standard protocols. The three active principles isolated after elaborate processing, were analysed on HPLC for their chemical identification and purity. The active principles were identified as podophyllotoxin, podophyllotoxin-β-D-glucoside and rutin. All three molecules were in their > 97% purity. G-002M was prepared freshly at the time of administration by dissolving in DMSO which was diluted further in distilled water to the final concentration of 1:9 (DMSO: distilled water). The injectable volume was 200 µl/mice administered intramuscularly one hour before irradiation of animals.
Animals and γ-Ray Irradiation
Strain "A" female mice (25 -28 g), 8 -10 weeks old were obtained from the institute animal house. All the experiments were based on institutional ethical guidelines. Mice were exposed to a single dose of 7.0 Gy in 60 CO gamma chamber (Cobalt Teletherapy Bhabhatron-II) at the dose rate of 0.925 -0.828 cGy/sec. Radiation dose calibration was done by Fricke's dosimetry method by radiation physicists. All the experiments were repeated thrice.
Experimental Design
As per previous reports [3, 25, 26] , the detailed studies in mice BALF were performed after 2 weeks of irradiation as acute lung damage peaked at week 2. Animals were divided into four experimental groups: 1) control; 2) irradiated; 3) G-002M plus radiation; 4) G-002M only. In irradiated group, the mice were exposed to 7 Gy (whole body). G-002M plus radiation group, was administered with G-002M intramuscularly prior to irradiation (−1 hr). G-002M was dissolved freshly in DMSO and diluted with water maintaining the final concentration of DMSO to 10% of total injectable (200 µl/mice).
Collection of BALF and Its Cells Count
Mice were sacrificed and lungs were lavaged 5 times with 200 µl of buffered saline at 37˚C [27] . Cells were collected individually from three animals, after centrifugation (2000 rpm for 10 min at 4˚C) were processed for cytological evaluation. BALF cells were quantified with a haemocytometer by the conventional method and also by fully automated 5 part Hematology Analyzer (ADVIA 2120 Seimens Diagnostics, USA). Data from the Perox and Baso channels were used to determine BALF total WBC count and differential analysis [28] . Differential cell counts (lymphocytes, neutrophils) were calculated from the percentage of each cell type taken from a count of at least 200 cells on a stained preparation of BALF. Fluid from the lavage was used for evaluation of biochemical changes after cell removal.
BALF Smear
BALF smears were prepared for microscopic examination [29] . Briefly, the aspirated cells from lavage fluid were collected and centrifuged at 2000 rpm for 10 min. The supernatant was discarded, cells mixed with fetal bovine serum and smeared on clean glass slide. Slides were air-dried, stained with May-Grünwald Giemsa stain for 10 min and total 200 different cell types (neutrophils and lymphocytes) were counted to determine percentage of differential cell counts in BALF.
ROS/NO Measurement in BALF Cells by
Flow Cytometry BALF cells (2 × 10 4 /ml) were washed with PBS (137 mM NaCl, 27 mM KCl, 32 mM Na 2 HPO 4 , 15 mM K 2 HPO 4 , 15 mM KH 2 PO 4 , pH 7.4) and incubated for 30 min with DCF-DA (10 µm) and DAF-2DA (10 µm) dye for estimating ROS generation and NO production respectively [8, 30] . Real time ROS generation and NO production was measured by acquiring 10,000 cells from each sample in flow cytometer and analyzed by the Cell Quest program.
DCF-DA and DAF-2DA Fluorescence
Intensity Measurement in BALF Cells BALF cells (2 × 10 4 /ml) were washed with PBS, and incubated for 15 min with DCF-DA (10 µm) dye. DCF-DA loaded cells were dispensed on 0.01% (w/v) poly-L-lysine coated coverslips and monitored for real time ROS generation under fluorescence microscope (Olympus, Model DP 72). For estimation of NO production, BALF cells (2 × 10 4 /ml) were incubated for 15 min with DAF-2DA (10 µm) dye, dispensed on 0.01% (w/v) poly-L-lysine coated coverslips and monitored for real time NO production under fluorescence microscope. Data was captured with Image-Pro Plus Software 7.0, and photographs were processed using Adobe Photoshop software San Jose, CA. Cells without dyes or fixed cells (1 hr with 4% paraformaldehyde), incubated with dyes were used as negative controls.
BALF Cells Studies Using Immunocytochemistry
BALF cells (2 × 10
4 cells/ml) were fixed overnight at 25˚C in 4% (w/v) paraformaldehyde in PBS (pH 7.4) and washed two times for 5 min each with PBS containing 0.5% (w/v) glycine. The washed cells were allowed to adhere on 0.01% (w/v) poly-L-lysine coated coverslips, permeabilized with 0.2 % (v/v) Triton X-100 (5 -10 min) and blocked with 1% BSA for 2 hrs. Cells were incubated overnight at 4˚C with antibodies against iNOS at a dilution of 1:100 and were subsequently stained at 4˚C for 4 h with FITC tagged secondary antibody (1:500). Nuclei were stained with DAPI (0.5 μg/ml) at 25˚C for 15 min. Control samples were separately processed by omitting primary antibodies. Mounted coverslip images were acquired by fluorescence microscope and were presented using Adobe Photoshop software.
Histological Studies in Lung Tissues
Anesthesized mice were dissected and lungs tissues were excised. After removing the blood clots, lung tissues were fixed in 10% buffered formalin. Samples were processed using standard histological procedures. 3 -5 µm sections were cut from lung tissues embedded in paraffin by using semi automated microtome. Sections were stained with hematoxylin-eosin (H-E) and evaluated under the light microscope.
Immunohistochemistry of Lungs Sections
Excised tissues were fixed in 10% buffered formalin and embedded in paraffin. 5 µm sections were deparaffinised, rehydrated, rinsed in distilled water and washed in Tris buffer saline. The slides were immersed in citrate buffer (pH 6.0) and antigen retrieval was done using a domestic microwave oven at 600 wattage. Immunohistochemistry was then performed as described previously [31] . In brief, lung tissue sections were adhered on coverslips, deparaffinised and incubated with primary antibody (iNOS, 1:200 dilution) overnight at 4˚C and secondary antibody tagged with FITC (1:500 dilution) for 4 hrs at 4˚C. Slides were stained with DAPI (0.5 mg/ml) and sections were visualized under fluorescence microscope.
Assessment of iNOS Expression by Western Blotting
Frozen lung tissue was homogenized in RIPA buffer (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1 mM EDTA, 0.1% SDS, 0.5% Sodium deoxycholate, 1% Nonidet-P40, and a mixture of protease inhibitors), and protein concentration was determined using the Bradford Assay. Protein (50 µg) was solubilized in SDS sample buffer, separated on 10% SDS-PAGE and transferred onto a nitrocellulose membrane at 120 V for 1 h, by the method of Saini et al, with modifications [8] . The membrane was stained with Ponceau S stain to check the efficiency of transfer of proteins and blocked with 5% skimmed milk in PBST, 10 mM Tris-HCl, pH 7.5, 150 mM NaCl containing 0.1% Tween 20. The membrane was then incubated with anti-iNOS antibody (1:1000) overnight at 4˚C. The membrane was washed three times (5 min each) with blocking buffer and then incubated with HRPconjugated anti-rabbit IgG (1:5000) for 2 hrs. After being washed three times (5 min each), the blot was developed with ECL reagents and exposed to X-ray film to visualize the protein bands.
Measurement of Total Protein Concentration and LDH Activity in BALF
Determination of LDH activity in BALF was done according to the method of Seth et al., 1994 [32] . Briefly, the samples were incubated with sodium pyruvate and the reaction was initiated by nicotinamide adenine dinucleotide (NADH). Absorbance was recorded at 340 nm at the difference of 15 secs for 1 min. Protein contents were measured by Bradford, 1976 method [33] . Standard curve was plotted by using different concentrations of bovine serum albumin (BSA).
Phospholipids Content in BALF
Phospholipids content was measured with Dithiocynatoiron method [34] . Briefly, 0.2 ml BALF was heated for 5 min at 60˚C. After addition of 0.5 ml thiocynatoiron reagent and 0.3 ml of 0.17 N hydrochloric acid, the mixture was incubated for 5 min at 35˚C. The thiocynatoiron-phospholipid complex formed was extracted with 1.5 ml 1, 2-dichloroethane by vigorous shaking for 2 min. After centrifugation, the absorbance of the lower layer containing thiocynatoiron-phospholipid complex was measured at 470 nm against a blank without BALF. Absorbance of thiocynatoiron-phospholipid complex is directly proportional to phopholipids content in the sample.
Biochemical Estimations in Lung Homogenate
Lipid Peroxidation Estimation
Lipid peroxidation (LPX) level was estimated as nmoles of malondialdehyde (MDA) formed, by the method of Buege and Aust, 1978 [35] . In brief, reaction mixture containing lung tissue homogenate, 15% w/v trichloroacetic acid (TCA) and 0.37% w/v tribarbituric acid (TBA) was boiled at 95˚C (30 min), centrifuged at 8000 g for 10 min and absorbance of the supernatants was recorded at 535 nm. The concentration of thiobarbituric acid reactive species (TBARS) was determined by using an extinction coefficient of 1.56 × 10 5 M
. Results were expressed as nmoles of MDA formed per mg of total protein.
Reduced Glutathione (GSH) Determination
GSH concentration was estimated in lungs tissues according to the method described by Beutler et al, 1975 [36] . Briefly, the proteins of the samples were precipitated by adding precipitating solution (1.67% metaphosphoric acid, 0.2% EDTA, 30% NaCl). After centrifugation for 10 min, 8ml phosphate solution (0.3M) was added to 2 ml of supernatant. After addition of DTNB to the reaction mixture absorbance was recorded at 412 nm. Glutathione concentration was expressed as µM GSH/mg protein.
Glutathione Reductase (GR) Estimation
GR activity was assayed by the method described previously [37] . The assay mixture containing 0.2 M potassium phosphate buffer (pH 7.0), 2 mM nicotinamide adenine dinucleotide phosphate (NADPH) and 20 mM oxidized glutathione was mixed with distilled water to make final volume of 3 ml. Enzyme preparation/sample (0.1 ml) was added to initiate the reaction and activity absorbance was measured at 340 nm for one minute at 15 sec interval. GR activity was expressed as mU/min/mg protein.
Catalase Estimation
Catalase activity was assayed by the method of Sinha et al. [38] . Briefly, the assay mixture consisted of 1.96 ml phosphate buffer (0.01 M, pH 7.0), 1.0 ml hydrogen peroxide (0.2 M) and 0.04 ml phenazine methosulfate (PMS) (10%) in a final volume of 3.0 ml. About 2 ml dichromate acetic acid reagent was added in 1 ml of reaction mixture, boiled for 10 min, and was cooled. Absorbance of the supernatants was recorded at 570 nm.
Statistical Analysis
The experiment results were expressed as mean ± SD of three replicates. Student's paired t-test was used for analyzing the data. A value of p < 0.05 was considered as statistically significant.
Results
Total and Differential Cell Counts in BALF
Preparation of the microscope slide smear technique yielded well-preserved cell morphology. The total numbers of BALF cells were found increased in radiation exposed mice to controls. Differential cell counts in control group revealed an average proportion of 72.3% ± 2.7% macrophages, 18.0% ± 2.2% lymphocytes, 8.0% ± 2.3% neutrophils. However, BALF collected from irradiated mice expressed increased percentage of neutrophils ( Table 1) . The increased number of neutrophils in BALF (16%) was found to be decreased (9%) in G-002M pretreated irradiated group. The radiation mediated increased number of total cell counts, macrophages and ymphocytes in BALF were also significantly countered l by our formulation ( Table 1 ). The percentage of differential cell counts obtained from ADVIA 120 Hematology system had been found in consonance with the percentage of cells counted from smear slide preparations of BALF (Figure 1 ). ROS generation was measured in the BALF cells by using flow cytometry. Histograms (Figures 2(G) and (H)) represent differential ROS and NO generation respectively in all the three studied groups (control, irradiated and G-002M pretreated). In radiation only group ROS generation was found significantly increased when compared with controls. G-002M pretreatment apparently countered ROS upregulation. DCF-DA and DAF-2DA fluorescence observed under fluorescence microscope represented radiation mediated increase in ROS (Figure 2(B) ) and NO production (Figure 2(E) ) in comparison to corresponding controls (Figures 2(A) and  (D) ). G-002M significantly countered formation of both ROS (Figure 2(C) ) and NO (Figure 2(F) ).
Reactive Oxygen Species (ROS)/NO Generation in BALF Cells
Expression of Inducible Nitric Oxide Synthase (iNOS) in BALF Cells
Immunolabeling of iNOS in BALF cells was conducted in controls, irradiated and G-002M pretreated irradiated animals. Radiation (7 Gy, whole body) increased the expression of iNOS in BALF cells as evident from the Figure 3(D) . BALF cells collected from mice pretreated with formulation prior to radiation demonstrated low intensity of iNOS immunostaining (Figure 3(F) ). Cells were counterstained with DAPI (Figures 3(A) , (C) and (E)) as a confirmatory indication for presence of nucleus. 
Histology of Lung Tissues
Histopathological examination performed on 15 th day after 7 Gy radiation exposure led to significant changes in the lung architecture like alveolar edema, damage of the alveolar cell lining, destruction of the interalveolar septae, inflammation and infiltration of lymphocytes.
Acute pneumonitis was also visualized (Figure 4(B) ). Administration of G-002M, 1 hr prior to irradiation showed nonsignificant infiltration of lymphocytes in lung alveoli, minimal edematous changes and nil expression of acute pneumonitis (Figure 4(C) ).
Immunohistochemical Detection of iNOS
Effect of ionizing radiation on expression of iNOS was explored in lung sections by immunohistochemistry. Advanced parenchymal fibrosis imparting a honeycomb architectural distortion of the lung tissue was observed in irradiated mice along with increased immunolabeling of iNOS. Lung architecture was found to be restored in the mice pretreated with G-002M before radiation exposure with less intense iNOS immunostaining in lung sections ( Figure 5) . Infilterated cells were seen in the air spaces, (Figure 5(D) ) which were not observed in the G-002M pretreated groups (Figures 5(F) ). Figure 5(G) shows the increased expression of iNOS in the irradiated groups which was found less in the G-002M pretreated groups. The expression of iNOS was not found to be detectable in the control group.
Lung Permeability and Lung Cytotoxicity
Lung permeability and damage was assessed by estimateing total protein and phospholipids content in BALF. For estimation of lung cytotoxicity, LDH activity was measured in BALF. Radiation exposed animals showed about 2 and 4 folds increase in phospholipids (p < 0.001) and protein contents (p < 0.001) respectively as compared to controls (Figures 6(A) and (B) ). Lung cytotoxicity in the same group of mice, as evident by LDH activity (Figure  6(A) ) was also found extensively increased (6 folds, p < 0.001). Pretreatment of G-002M formulation resulted in decreased lung damage expressed by very low amount of protein, LDH and phospholipids content in BALF (Figure 6) .
Biochemical Studies in Lung Homogenates
Glutathione reductase (GR), GSH and catalase along with lipid peroxidation (LPX) were measured in lung homogenates of irradiated mice, mice pretreated with G-002M and exposed to radiation, G-002M only, vehicle and untreated control group. GSH and catalase enzyme activities (Figures 7(A) and (B) ) found decreased in the lung homogenates of irradiated mice (17.45 µM/mg protein and 2.66 U/mg protein respectively), were restored in the homogenates of G-002M pretreated mice (27.89 µM/mg protein and 3.32 U/mg protein respectively). Radiation enhanced peroxidation of lipids, though marginally (0.231 nM MDA × 1000/mg protein), was found decreased by G-002M (0.209 nM MDA ×1000/mg protein) and values were corresponding to controls (Figure 7(C) ). GR activity, which got declined in irradiated group (15.03 mU/min/mg protein), was found enhanced by G-002M pretreatment (17.04 mU/min/mg protein), but the difference was marginal when compared to control group of mice (25.60 mU/ mins/mg protein). Values retrieved from the vehicle and drug only groups were almost parallel to controls (Figure 7) .
Discussion
Radiation exposure may deregulate biological system also by hydrolysis of water in the cellular milieu thereby, generating reactive oxygen species, which initiate chemical peroxidative processes and affect the functionality of biomolecules [39] . Radiation induced free radical generation leads to oxidative stress which further results into nitrosative stress mediated by a chain of reactions involving reactive nitrogen species (RNS) mainly nitric oxide (NO) and peroxynitrite (ONOO-) [40] . Radiation induced damage to normal tissues can be averted by the use of safe prophylactic agents [41] . Development of radioprotector is an area of great significance due to its possible applications against unplanned/planned radiation exposures [41] . Enormous research and developmental efforts have been witnessed worldwide to develop safe radioprotectors to guard normal cells against radiotherapy, radiation explosions related rescue missions and space explorations. However, only a single compound, WR-2721, has so far received US FDA approval. Number of the investigations into radioprotector development have shown that the potential use of plants and their products can minimize the radiation mediated tissue damages [24, 42, 43] with minimal toxic effects. P. hexandrum, a high altitude plant, has been in use under traditional medicine practice against rheumatism, plague, allergic and inflammatory conditions of the skin and various other types of cancers. Our studies with this plant have documented its use as a potent radioprotector against lethal doses of radiation in in-vitro, in-vivo, ex-vivo model systems [22, 44] . Studies on P. hexandrum utilizeing semipurified fractions have proved its potent radioprotective effect against lethal and supralethal doses of radiation in rodents [20, 22, 44] . Recently, our group has reported the radioprotective properties of purified fractions of P. hexandrum [23] . The present study has been aimed to explore the mechanism by which our formulation leads to repair the radiation inflicted damage in the pulmonary system. In the current study, degree of radiation induced pulmonary damage and its modification by G-002M was performed by the analysis of BALF using well reported parameters [45] . Scoring of neutrophils, important for marking inflammatory response in bronchoalveolar region, was among other markers evaluated currently. Studies on cellular enzyme lactate dehydrogenase (LDH), protein and phospholipids content and smear preparation for quantitation of total and differential cell counts in BALF ( Table 1 ) have supported the evaluation on lung tissue damage and its recovery by G-002M.
Nitric oxide readily diffuses across the cells and is considered an important molecule in cellular signaling. Reactive nitrite species (nitric oxide) quenching potential of P. hexandrum has been described by Sagar et al. [46] . There are several reports suggesting increased nitric oxide synthase during radiation-induced oxidative stress [3] , and some researchers have reported the role of nitric oxide in the pathogenesis of the inflammatory response in radiation enteritis [47] . Giannopoulou et al. [48] reported that amifostine exhibits antiangiogenesis activity by reducing the levels of nitric oxide; authors expressed that reduction in the levels of nitric oxide reduces the radiation mediated inflammatory responses. Earlier studies have also reported radiation mediated iNOS induction, as a major factor in inflicting lung injuries and nitrotyrosine formation may participate in the NO-induced pathogenesis [3] . Since iNOS is the major isoform related to NO production and RNS generation after radiation exposure, its expression was explored in mice BALF cells and in the lungs during current study. G-002M pretreatment exhibited considerable reduction in the iNOS expression. An increase of LDH levels in BALF after radiation exposure appeared to be associated with increased number of macrophages and neutrophils in lavage fluid ( Figure  1) . Pretreatment of G-002M formulation prior to radiation exposure resulted in decreased lung permeability and tissue damage as evident by low amount of protein and phospholipids in BALF and decreased LDH activity (Figure 6 ).
Oxidative stress is also known to be mitigated by the activation of several functionally interrelated antioxidant enzymes such as catalase, peroxidise and glutathione reductase [49, 50] . These enzymes enhance acclimatisation mechanisms to scavenge the toxic free radicals of oxygen produced under stress condition. Oxidative stress accompanied by the synthesis of hydrogen peroxide is normally detoxified by catalase activity [51] . Radiation is known to downregulate the endogenous antioxidant enzymes (GSH, GR, catalase). These enzymes were found significantly upregulated by prophylactic administration of our P. hexandrum formulation (G-002M) in lethally irradiated mice confirming the scavenging of ROS/NO formation. Though G-002M pretreatment exhibited considerable restoration of GSH and catalase enzyme activeties (Figures 5(A) and (B) respectively) however, GR enzyme activity was found only marginally increased. As well documented in other studies and confirmed by our studies too, support to immune system [22] , hematopoietic system [21, 46] and cellular DNA [21, 22] by semipurified and purified formulations of P. hexandrum, is predominantly attributed to their free radical scavenging property, reduced lipid peroxidation [44] , transient metal-chelation [21] and protection to endogenous defense enzymes and to cellular macromolecules [44] . The current study also demonstrates the possible involvement of P. hexandrum formulation (G-002M) in modulation of radiation associated iNOS mediated RNS formation which ultimately resulted into the reduced damage of the lungs of irradiated mice. This drug with numerable radioprotective properties may be studied further to reveal its potential against radiation mediated respiratory syndromes in humans.
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